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million pixels static black-and-white camera Pixel dimension 2.4 yum X 2.4 ym
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Lighting controller JL-APR24 — 1
Calibration board 7X7 50 mm X 50 mm;=+0.001 mm 1
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Table 2 Results of three algorithms (=15 mm)

Quadratic mean

Object distance/ ) Maximum error/  Minimum error/ Mean value o Precision/
r Algorithm . . deviation
mm ) ) (0°~85")/(") o s )
(0°~857)/(")
Algorithm1 2.1823 0.008 4 0.350 0.454 1
138.8 9.25 Our algorithm 0.4918 0.002 1 0.087 0.108 0.1
Algorithm?2 2.4330 0.001 3 0.252 0.462 1
Algorithm1 1.294 4 0.006 7 0.231 0.312 1
175.0 11.67 Our algorithm 0.752 2 0.000 2 0.086 0.144 0.1
Algorithm2 2.738 1 0.002 0 0.216 0.426 1
Algorithm1 1.252 6 0.002 8 0.150 0.287 1
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Monocular Vision Pose Solving Algorithm Based on Feature Circle Target

DING Jiang', SONG Chaocheng'’, MA Cui’, HE Kai’, ZUO Qiyang’
(1 College of Mechanical Engineering, Guangxi University, Nanning 530004, China)
(2 Shenzhen Institute of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518055, China)

Abstract: Industrial robots are gradually applied in the field of precision measurement on account of its high
degree of freedom and high precision of repetitive positioning. In order to achieve autonomous movement
and complete specified actions, industrial robots often need to carry out precise motion control and precise
measurement of the physical scale of the target. The former is accompanied by the development of the
manipulator, and its control algorithm has become mature, while the latter has an increasingly high demand
for relevant algorithms due to the changing actual working scenarios. As an important part of the
autonomous motion of industrial robots, the solution method and efficiency of the spatial plane pose are
directly related to the final motion accuracy of robots. In order to simplify the robot structure and improve
the sensitivity of the whole system, the monocular vision system is adopted in this paper, which has a
wider working range and a more compact structure. At present, the solution of the spatial plane pose can be
divided into multi-point constraint problems and non—point constraint problem. The multi-point constraint
problem usually involves the identification and pose settlement of multiple feature points, and its
application often requires the use of a specific calibration board or the addition of multiple auxiliary feature
objects, so the solution is complicated. The non—point constraint problem mainly solves the space pose of
the plane by analyzing the characteristic circle. As a common basic feature in life, the circle appears widely
on all kinds of workpiece. The research of the spatial plane pose algorithm based on the spatial circular
feature is very important to improve the autonomous measurement and motion control of industrial robots.
Because of camera perspective distortion, the image of the circle in the camera is not a standard ellipse, but
a quasi—ellipse. There is no accurate basis for ignoring this perspective distortion to treat the projection of a
circle as an ellipse. In this paper, by analyzing the variation of elliptic-like short diameter length in circle
imaging, the ratio of object distance d to circle radius r is taken as the parameter to measure the distortion
error of circle perspective, and its maximum value is taken as the precision value of each ratio of d to r, and
the accuracy variation curve of perspective distortion is given. The traditional algorithms for solving spatial
plane pose based on the characteristic circular target mainly involve the application at a long distance, and
the solution shows duality, which often requires complex calculation. In this paper, considering perspective
distortion, we mainly study the problem of using the feature circle to solve the position and pose of the
space plane in a short distance. By using three points in the projection image of a feature circle to solve the
relative position and pose of the target plane and the camera, we derive the algorithm of solving the relative
position and pose. In order to verify the accuracy and actual effect of the algorithm, two comparison
algorithms are added. By establishing an error analysis model, error simulation and experimental
verification of the three algorithms are carried out respectively. The results show that the average accuracy
of the algorithm can reach 0.1° when the ratio of object distance to feature circle radius is within 18 and the
prime precision is 0.1~1 pixel, which is better than the other two algorithms in this paper.

Key words: Measurement; Machine vision; Spatial circular feature; Pose measurement; Perspective
projection
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